Mutualistic networks are highly dynamic, characterized by high temporal turnover of species 2 and interactions. Yet, we have a limited understanding of how the internal structure of 3 these networks and the roles species play in them vary through time. We used six years of 4 observation data and a novel statistical method (dynamic stochastic block models) to assess 5 how network structure and species' structural position within the network change across 6 time in a quantitative plant-pollinator network from a dryland ecosystem in Argentina. Our 7 analyses revealed a core-periphery structure persistent through seasons and years. Yet, 8 species structural position as core or peripheral were highly dynamic: virtually all species 9 that were at the core in some seasons were also peripheral in other seasons, while many 10 other species remained always peripheral. Our results illuminate our understanding of the 11 dynamics of ecological networks and have important implications for ecosystem management 12 and conservation.
Introduction total number of floral visits received by a plant or performed by a pollinator) changed greatly 145 from one time step to another, resulting in substantial temporal variation in the species as-146 sembly ( Supplementary Fig. S5 ). Yet, despite these variations in the interactions at the 147 species level, the core-periphery structure persisted over time. 148 Species in the core are also sometimes peripheral Species structural positions were 149 highly dynamic. Almost all species that were in the core in some seasons were also peripheral 150 in other seasons (except one plant and one pollinator species); however, a large proportion 151 of peripheral species never became part of the core (52% for plants, 72% for pollinators; see 152 Fig. 4) . Thus, only a subset of species were ever part of the core, and virtually no species 153 occupied that position persistently through time. 154 There was a positive correlation between overall species presence (i.e. the number of 155 subseasons a species was recorded interacting) and their presence in the core: the more 156 frequently a plant or a pollinator species was present in the community, the more frequently present in the core only intermittently. Thus, the identification of core species based on one or single static characterization of an ecological network will fail to reveal its true core-periphery 199 structure. In this sense, the idea of species "coreness" (35; 38) is not just a black-or-white 200 property determined only by the position of a species in a static or aggregated network, 201 but a relative concept determined by the temporal consistency of the position occupied by 202 a species. Therefore, identifying core species as candidates for management actions requires 203 allocating a greater sampling effort into capturing the temporal dynamics of ecosystems, even 204 if this practice implies relaxing efforts to capture some details of community structure and 205 the detection of very rare species, which are unlikely to be part of the network core and to 206 contribute significantly to community robustness to environmental perturbations.
207
To conclude, we believe these results illuminate our understanding of the dynamics of 208 ecological networks, indicating the persistence of a core-periphery structure in spite of sub-209 stantial changes in species richness, composition, interactions and structural position in the 210 network. Yet, we believe we have only scratched the surface of the temporal dynamics of 211 ecological networks. One possible avenue for future research would be to apply the methods 212 used here to analyze other datasets, to assess the generality of our findings. on a modified version of this approach for bipartite networks where each SBM has the same parameters values at each time step. Each SBM is parametrized by an appropriate statistical distribution. Here we used dynSBM with multinomial distributions to model edge weights
(dependence values) that were categorized into three levels corresponding to low, medium and high dependence (lower than 0.2, in between and larger than 0.8, respectively). The number of groups is constant and selected with an appropriate heuristics (Supplementary Figure S1 ). Structural position assignment (i.e., SBM group membership) can change over time, but there is no constraint for the found structure to be present at each time step (see Supplementary Figure S3 ). This approach can be reproduced with the R package dynsbm available on CRAN at https://cran.r-project.org/web/packages/dynsbm/. Figure S1 : Selecting a dynSBM with 4 groups. The slope of the log-likelihood highly decreases for ≥ 4 groups ("elbow" method, see 2).
Inter/intra-group dependence values Figure S7 : Plant role is correlated with abundance. Each marker shows the median abundance (number of flowers) of a given species when it is in the core compared to its median abundance when it is peripheral. Dashed lines represent the line with slope 1.
